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(54) METHOD AND DEVICE FOR REDUCING MEMORY EFFECT OF BATTERY 

(57) According to the invention, the discharge depth 
representing the ratio of discharged capacity relative to 
the rated discharge capacity of a battery is divided into 
a plurality of ranges with each range allocated with the 
number of charges at which a refresh discharge should 
be carried out. The discharge depth is obtained as a 
sum of discharged capacity between one charge and 
the next. At the time of charging, summing up the count 
of the number of charges in the corresponding range 
according to the discharge depth is repeated until the 
number of charges in any of the ranges reaches the 
number at which the refresh discharge should be car- 
ried out. Then the refresh discharge is carried out either 
automatically or manually. Since the discharge depth is 
divided into a plurality of ranges with each range allo- 
cated with the number of charges at which the refresh 
discharge should be carried out and the refresh dis- 
charge is carried out when the number of charges in any 
of the ranges reaches the allocated number, the refresh 
discharge is carried out at an appropriate timing at 
which the effect of the refresh discharge is most effi- 
cientiy used either automatically or manually so that the 
Influence of the memory effect is effectively and effl- 
clentiy reduced. 
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Description 
Technical Field 

This invention relates to method and device for s 
reducing memory effect of batteries mounted as a 
power source on, for example, an electric motor-oper- 
ated vehicle. 

Technical Background io 

Batteries mounted as a power source on. for exam- 
ple, an electric motor-operated vehicle include the alka- 
line secondary battery or the like. When such batteries 
are used with repeated charge-discharge cycles without is 
using up their battery capacity 100% (rated capacity), 
the discharge ends as shown in FIG. 3 within a period of 
time which is shorter than that of previous discharge. In 
the worst case, the battery voltage reaches a discharge 
end voltage t>efore discharging almost no charge. 20 

Such a phenomenon in which the discharge comes 
to an end in a shorter period of time than previously 
possible when the t>attery is used with repeated charge- 
discharge cycles without using up 100 % of the fc>attery 
capacity is known as the memory effect. To avoid such 25 
a situation, the battery capacity must be used up almost 
100 %. Practically the memory effect is reduced by dis- 
charging the battery at a relatively small current, for 
example 0.1 to 0.2 CA. 

That is to say a refresh discharge at a small cun-ent 30 
should be can-ied out when the discharge time (usable 
time of the battery) has become short. However, the 
decision on the timing when the refresh discharge 
should be carried out is up to general users and so it is 
not clear what timing is effective and efficient for reduc- 35 
ing the memory effect. As a result, in most cases the 
refresh discharge is not effective. 

The object of the invention made in view of the 
above is to provide method and device for reducing the 
memory effect of the battery by carrying out the refresh 40 
discharge at an appropriate timing either automatically 
or manually upon receiving an alarm to reduce the Influ- 
ence of the memory effect effectively and efficiently. 

Disclosure of the Invention 4s 

According to this method of the invention for reduc- 
ing the memory effect of batteries, the discharge depth 
representing the ratio of discharged capadty relative to 
the rated discharge capacity of a battery is divided into so 
a plurality of ranges with each range allocated with the 
number of charges at which a refresh discharge should 
be carried out. The discharge depth is obtained as a 
sum of discharged capacity between one charge and 
the next. At the time of charging, summing up the count ss 
of the number of charges in the corresponding range 
according to the discharge depth is repeated until the 
number of charges in any of the ranges reaches the 



number at which the refresh discharge should be car- 
ried out. Then the refresh discharge is carried out either 
automatically or manually. Since the discharge depth is 
divided into a plurality of ranges with each range allo- 
cated with the number of charges at which the refresh 
discharge should be carried out and the refresh dis- 
charge is carried out when the number of charges in any 
of the ranges reaches the allocated number, the refresh 
discharge is carried out at an appropriate timing at 
which the effect of the refresh discharge is most effi- 
ciently used either automatically or manually so that the 
influence of the memory effect Is effectively and effi- 
ciently reduced. 

Also, an alarm is given when the number of charges 
at which the refresh discharge should be carried out is 
reached. When the refresh discharge is carried out 
automatically, the alarm of canying out the refresh dis- 
charge is to call the user's attention that the user's man- 
ner of carrying out the refresh discharge is 
inappropriate. When the refresh discharge is carried out 
manually, the manual operation is carried out upon an 
alarm of the refresh discharge. 

The memory effect reducing device for storage bat- 
teries of the invention comprises; refresh discharge set- 
ting means for dividing the discharge depth 
representing the ratio of discharged capacity relative to 
the rated capacity of the storage battery into a plurality 
of ranges and allocating the number of charges to each 
of the ranges at which number the refresh discharge 
should be carried out discharged capacity summing 
means for summing up the discharged capacity 
between one charge and the next, discharge depth cal- 
culation means for calculating the discharge depth from 
the summed up discharged capacity of the battery and 
the rated capacity of the storage battery number of 
charges counting means for repeating counting the 
number of charges for the corresponding range accord- 
ing to the discharge depth at the time of charging, and 
refresh discharge carrying out determination means for 
carrying out the refresh discharge either automatically 
or manually when the number of charges at which the 
refresh discharge should be carried out is reached in 
any of the ranges. The discharge depth is divided into a 
plurality of ranges, the number of charges at which a 
refresh discharge should be carried out is allocated to 
each of the ranges, and the refresh discharge is canied 
out when the number of charges reaches the allocated 
number. As a result, the refresh discharge is carried out 
at an appropriate timing at which the effect of carrying 
out the refresh discharge is most efficiently given either 
automatically or nnanually so that the influence of the 
memory effect is effectively and efficiently reduced. 

Also, alarm means is provided for giving an alarm 
when the number of charges at which the refresh dis- 
charge should be carried out is reached. When the 
refresh discharge is carried out automatically, the alarm 
of carrying out the refresh discharge is to call the user's 
attention that the user's manner of carrying out the 
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refresh discharge is inappropriate. When the refresh 
discharge is carried out manually, the manual operation 
is carried out upon alarm of the refresh discharge. 

Brief Description of Drawings 

FIG. 1 is a block diagram roughly showing a consti- 
tution of a memory effect reducing device for storage 
batteries. 

FIG. 2 is a flow chart of a memory effect reducing 
device for a storage batteries. 

FIG. 3 illustrates the memory effect of storage bat- 
teries. 

The Best Form of Implementing the Invention 

Embodiments of method and device for reducing 
the memory effect wilt be hereinafter described in refer- 
ence to the appended drawings. 

FIG. 1 is a block diagram roughly showing a consti- 
tution of a memory effect reducing device for storage 
batteries. FIG. 2 is a flow chart of a memory effect 
reducing device for storage batteries. FIG. 3 illustrates 
the memory effect of storage batteries. 

A memory effect reducing device 1 for storage l^at- 
teries reduces the memory effect in a storage battery 6 
mounted on an electric motor-operated vehicle such as 
an electric motor-assisted bicycle. To the storage tot- 
tery 6 are connected a vehicle-mounted load circuit 2 
and a charge circuit 3. The load circuit 2 is provided with 
a manual load circuit switch 4 and a load 5 including an 
electric motor. When the load switch 4 is closed, power 
is supplied from the storage battery 6 to the load 5. The 
storage battery 6 is an alkaline secondary battery for 
example of an Ni-MH or Ni-Cd type. 

The charge circuit 3 is provided with a charge circuit 
switch 7. The charge circuit 3 carries out a charge to or 
a refresh discharge from the storage battery 6 when the 
electric motor-operated vehicle is stopped for example 
at night and the storage battery 6 is connected through 
a connector 8 to a charger 9 having a refresh discharger 

10 and the vehicle-mounted controller 14 closes the 
charge circuit switch 7. 

The memory effect reducing device 1 for storage 
batteries is also provided with a battery voltage detector 

11 for detecting the voltage of the storage battery 6. The 
load circuit 2 is also provided with a discharge current 
detector 12. Voltage information obtained from the bat- 
tery voltage detector 11 and cun-ent information 
obtained from the discharge current detector 12 is sent 
to the controller 14. 

The controller 1 4 is provided with refresh discharge 
setting means 20, discharged capacity summing means 
21, discharge depth calculation means 22, number of 
charges counting means 23, and refresh discharge car- 
rying out determination means 24. 

The refresh discharge setting means divides the 
discharge depth (DO) representing the ratio of actual 



discharge capacity of the storage battery 6 to the rated 
capacity of the storage battery 6 into a plurality of 
ranges, sets and stores the number of charges at which 
a refresh discharge should be carried out for each of the 

5 ranges. The discharged capacity summing means 21 
calculates the total discharged capacity of the storage 
battery 6 by summing up the discharged capacity 
between one charge and the next using infornnation 
obtained from the discharge current detector 12. The 

w discharge depth calculation means 22 stores the total 
discharged capacity of the storage battery 6 obtained 
from the discharged capacity summing means 21 and 
calculates the discharge depth or the ratio of the total 
discharged capacity to the rated capacity of the storage 

15 battery 6. The numt>er of charges counting means 23 
repeats counting the number of charges in the corre- 
sponding range according to the calculated discharge 
depth value. The refresh discharge carrying out deter- 
mination means 24 automatically carries out a refresh 

20 discharge when the number of charges at which the 
refresh discharge should be carried out is reached in 
any of the ranges. 

The memory effect reducing device 1 for storage 
batteries obtains the total discharged capacity of the 

25 storage battery 6 by summing up the discharged capac- 
ity between one charge and the next, stores the total 
discharged capacity, calculates the discharge depth 
representing the ratio of the total discharged capacity to 
the rated capacity, repeats summing the number of 

30 charges in the corresponding range according to the 
calculated discharge depth, and carries out the refresh 
discharge by actuating the refresh discharger 10 auto- 
matically when the number of charges at which the 
refresh discharge should be carried out is reached. 

35 Thus, the refresh discharge is can-ied out efficiently at 
the most appropriate timing. Also, carrying out the 
refresh discharge minimizes the influence of the mem- 
ory effect shown in FIG. 3 of the storage battery 6. 
The memory effect reducing device 1 for storage 

40 batteries is also provided with alarm means 25 for giving 
an alarm to carry out the refresh discharge when the 
number of charges at which the refresh discharge 
should be carried out is reached. The alarm means 25 
may use for example a lamp, buzzer, or the like. Giving 

45 the alarm to carry out the refresh discharge serves as a 
caution or instruction to the user that the manner of car- 
rying out the refresh discharge is inappropriate or that 
shallow charges and discharges are repeated. 

Next, how the controller 14 controls the calculation 

50 of the discharge depth by summing up the discharged 
capacity will be described. 

In this specific emkxx:iiment. the discharge depth is 
divided into three ranges; R1 from 0 to 30 %. R2 from 30 
to 50 %, and R3 from 50 to 90 %. To the three ranges 

55 are respectively allocated the numbers of charges at 
which a refresh discharge should be carried out. For 
example, to the range R1 is allocated the number of 
charges N1 = 20. to the range R2 is allocated N2 = 50. 
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and to the range R3 is allocated N3 = 80. Namely, the 
shallower the repeated discharges, the earlier comes 
the refresh discharge timing. The allocated values are 
stored in the refresh discharge setting means 20. 

In the step (a). N1, N2, and N3 are reset to zero. 
When the electric motor-operated vehicle is started to 
run. discharging the storage battery 6 is started in the 
step (b). When the running of the electric motor-oper- 
ated vehicle is stopped and discharging is finished (step 
(c)), in the step (d) the discharged capacity is calculated 
with the discharged capacity summing means 21, and 
the total discharged capacity of the storage battery 6 is 
stored. 

Next the charger 9 is connected to carry out charg- 
ing (step (e)). In the step (f), discharge depth calculation 
means 22 calculates the discharge depth or the ratio of 
the total discharged capacity obtained from the dis- 
charge capacity summing means 21 to the rated capac- 
ity of the storage battery 6. In the step (g). a 
determination is made whether the discharge depth in 
the range R1 of 30% or less, and if yes, 1 is added to the 
number of charges N1 for the range R1 . 

A charge-discharge cycle of going to the step (k) for 
charging, disconnecting the charger 9 when the charg- 
ing is finished (step (I)), and discharging (step (b)) is 
repeated until the number of charges reaches 20 (step 
(i)). When the number of charges reaches 20, a refresh 
discharge is carried out in the step (j). After the refresh 
discharge, charging is carried out in the step (p), and 
the charger 9 is disconnected (step (q)) after charging. 
The process goes to the step (a) and the above- 
described operation is carried out from the step (b). 

In the step (g), a determination is made whether the 
discharge depth in the range R1 of 30% or less, and if 
no, the process goes to the step (m) in which a determi- 
nation is made whether the discharge depth in the 
range R2 of 50% or less. If yes, 1 is added to the 
number of charges N2 for the range R2. 

The charge-discharge cycle of going to the step (k) 
for charging, disconnecting the charger 9 when the 
charging is finished (step (I)), and discharging (step (b)) 
is repeated in the step (o) until the number of charges 
reaches 50. When the number of charges reaches 50, a 
refresh discharge is earned out In the step Q). After the 
refresh discharge, charging is carried out in the step (p), 
and the charger 9 is disconnected (step (q)) after charg- 
ing. The process goes to the step (a) and the above- 
described operation is carried out from the step (b). 

Also, in the step (m). if the determination for the 
range R2 of 50 % or less results in the negative, 1 is 
added to the number of charges N3 for the range R3 in 
the step (r). 

The charge-discharge cycle of going to the step (k) 
for charging, disconnecting the charger 9 when the 
charging is finished (step (I)), and discharging (step (b)) 
is repeated in the step (s) until the number of charges 
reaches 80. When the number of charges reaches 80. a 
refresh discharge is carried out in the step (j). After the 



refresh discharge, charging is carried out in the step (p), 
and the charger 9 is disconnected (step (q)) after charg- 
ing. The process goes to the step (a) and the above- 
described operation is carried out from the step (b). 

5 As described above, every charging operation is 

counted as 1 to be added to one of the numbers of 
charges N1, N2, and N3 for the range to which the 
present discharge depth belongs, and when any one of 
the N1, N2, and N3 reaches the number of charges at 

10 which the refresh discharge should be carried out. the 
refresh discharge is carried out. The refresh discharge 
reduces the influence of the memory effect in the stor- 
age battery 6. When a charging is carried out after the 
refresh discharge, the counts of N1 , N2, and N3 are all 

IS reset to zero, the counting is started anew, and a refresh 
discharge is carried out when any of the counts N1, N2, 
and N3 fist reach the number of charges at which a 
refresh discharge should be carried out 

While the refresh discharge is carried out automat- 

20 ically in the above-described embodiment, a refresh dis- 
charge may be manually selected when an alarm is 
given. As described, the above embodiment is arranged 
that the discharged capacity is summed up in the step 
(d) every time the electric motor-operated vehicle is 

25 Stopped and the discharge is finished, the total dis- 
charged capacity of the storage battery 6 is stored, and 
the charger 9 is connected. Only after that in the step (f). 
the discharge depth of the storage battery 6 is calcu- 
lated as the ratio of the total discharged capacity of the 

30 Storage battery 6 to the rated capacity of the battery 6. 
However, it may also be arranged that the total dis- 
charged capacity and also the discharge depth of the 
storage battery 6 which is the ratio of the total dis- 
charged capacity of the storage battery 6 to the rated 

35 capacity of the battery 6 are stored in advance every 
time the discharge is finished so that the determination 
is made whether the discharge depth in the range R1 of 
30 % or less in the step (g) as soon as the charger 9 is 
connected. 

40 

Industrial Applicability 

As described at>ove. the device of the invention for 
reducing the memory effect of storage batteries using 

45 the method of the invention is mounted on electric 
motor-operated vehicles such as electric motor- 
assisted bicycles, divides the discharge depth into a 
plurality of ranges, presets the number of charges at 
which a refresh discharge should be carried out for each 

so of the ranges, and the refresh discharge is carried out 
when the preset number of charges is reached in any of 
the ranges. Therefore, the refresh discharge may be 
carried out either automatically or manually at the most 
appropriate timing for utilizing the effect of the refresh 

55 discharge so that the influence of the memory effect is 
reduced effectively and efficiently. 
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Claims 

1 . A method of reducing the memory effect in storage 
batteries, characterized in that the discharge depth 
representing the ratio of discharged capacity of the s 
storage battery to the rated capacity of the storage 
battery is divided into a plurality of ranges, the 
number of charges at which a refresh discharge 
should be carried out is allocated to each of the 
ranges, the discharge depth is calculated by sum- io 
ming up the discharged capacity between one 
charge and the next, counting the number of 
charges for the corresponding range is repeated at 
every charge according to the discharge depth, and 

the refresh discharge is carried out when the is 
number of charges at which the refresh discharge 
should be carried out is reached in any of the 
ranges. 

2. A method of reducing the memory effect in storage 20 
batteries of claim 1 , characterized in that an alarm 

is given to carry out a refresh discharge when the 
number of charges is reached at which the refresh 
discharge should be carried out. 

25 

3. A device for reducing the memory effect in storage 
batteries, characterized in that the device com- 
prises; refresh discharge setting means for dividing 
the discharge depth representing the ratio of dis- 
charged capacity relative to the rated capacity of 30 
the storage t>attery into a plurality of ranges and 
allocating the nunfiber of charges to each of the 
ranges at which number the refresh discharge 
should be carried out, discharged capacity sum- 
ming means for summing up the discharged capac- 3S 
ity between one charge and the next, discharge 
depth calculation means for calculating the dis- 
charge depth from the summed up discharged 
capacity of the storage battery and the rated capac- 
ity of the storage battery, number of charges count- 40 
ing means for repeating counting the number of 
charges for the corresponding range according to 
the discharge depth at the time of charging, and 
refresh discharge carrying out determination 
means for carrying out the refresh discharge either 45 
automatically or manually when the number of 
charges at which the refresh discharge should be 
carried out is reached in any of the ranges. 

4. A device for reducing the memory effect in storage so 
batteries of claim 3. characterized in that the device 
comprises alarming means for giving an alarm 
when the number of charges is reached at which 
the refresh discharge should be carried out. 
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